Experimental studies have indicated that compounds such as 4,4'-dihydroxy-a,f-diethylstilbene, commonly referred to as stilbestrol, greatly influence the physiological processes of animals and microorganisms. Brownlee et al. (1943) demonstrated that stilbestrol-type compounds were bactericidal against the gram-positive staphylococci and streptococci. Shacter (1953a) reported that stilbestrol first stimulated the endogenous respiration of yeast and then depressed respiration as the stilbestrol concentration was increased. Also, stilbestrol inhibited both respiration and fermentation when glucose was present. Salmony (1956) (1957) reported that stilbestrol inhibited a number of different organisms. Reports have also indicated that isocitric dehydrogenase (Hagerman and Villee, 1957) and glutamate dehydrogenase (Emmelot and Bos, 1958) are sensitive to stilbestrol. In addition, studies have shown that stilbestrol stimulated the microbial digestion of cellulose in an artificial rumen (Brooks et al., 1954) .
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In order to clarify the mechanism through which stilbestrol affects the metabolism of microorganisms we have attempted to more clearly define the conditions under which this phenomenon occurs. This paper is concerned with the influence of stilbestrol on substrate metabolism in Aerobacter aerogenes. (Durham and Perry, 1957) .
MATERIALS AND METHODS
A laboratory stock culture of A. aerogenes was used throughout this experimentation. The cell suspensions used in respirometer studies were grown on nutrient agar at 37 C for 16 to 20 hr, harvested, washed 3 times, and resuspended in 0.008 M phosphate buffer of pH 7.0.
Manometric studies (Umbreit et al., 1957) were carried out in the Warburg apparatus at 37 C with air as the gas phase. The total volume in the Warburg flask was 2.4 ml. The constituents of the flask were as follows: 0.2 ml of 20 per cent KOH was placed in the center well with a fluted filter paper strip; 1.5 ml of the cell suspension were pipetted into the reaction compartment of the flask; and 0.2 ml of the substrate, dissolved in 0.008 M buffer, pH 7.0, was added to one side arm. The stilbestrol was dissolved in 0.01 N NaOH with intermittent shaking for 1 hr before use. A volume of 0.4 ml was then placed in the reaction compartment with the cells or in the side arm and dumped later depending upon the experimentation. Control vessels contained 0.4 ml of 0.01 N NaOH. The flask contents were then brought to volume by adding 0.1 ml of buffer to the second side arm. In experiments in which dyes were employed, 0.1 ml of the desired dye solution replaced the buffer in the side arm. The final pH of the flask containing these constituents was 7.8 to 8.0.
In experiments in which total viable cell counts were desired, aliquots were removed from controls and counts made concurrently with the Warburg experiments. All dilutions were plated in triplicate and incubated at 37 C for 20 hr before counting.
Cell-free preparations were obtained by grinding the cells with glass beads in a Virtis homogenizer for 10 min. The suspension was then centrifuged at 5000 X G for 30 min. The supernatant collected from this preparation was used to study the influence of stilbestrol on enzyme 439 by Aerobacter aerogenes in the presence of stilbestrol. Cells were pre-exposed to stilbestrol for 0 and 3 hr prior to dumping substrate. systems as measured by the rate of dye reduction in Thunberg tubes. Unless stated otherwise the data reported in this study were obtained using stilbestrol in a final concentration of 0.36 mg per ml.
RESULTS
A number of compounds were studied to determine if stilbestrol influenced the oxidation of different substrates by cell suspensions of A. aerogenes. The results indicate that stilbestrol inhibits the oxidation of maltose, fructose, glucose, glutamate, oxalacetate, succinate, and pyruvate. Typical results obtained with glucose and sueeinate as substrates are shown in figures 1 and 2, respectively. These data indicate that stilbestrol influences the rate of oxidation rather than the extent of oxidation since the total oxygen consumed in the presence and absence of stilbestrol was the same.
Further experiments were conducted to determine if pre-exposure of the cells to stilbestrol influenced the inhibition. Duplicate sets of flasks were prepared in which one flask contained the test substrate and the other the substrate plus stilbestrol. At 0 time the stilbestrol was dumped in all flasks and at intervals of 0, 1, 2, 3, and 4 hr the substrate was dumped in one set of vessels.
The results obtained with glucose and succinate as substrates after exposure for 0 and 3 hr are indicated in figures 1 and 2. These data indicate the degree of inhibition varies with the length of exposure time. This observation is similar to the effect reported by Wight (1957) when studying the influence of stilbestrol on mammalian tissues. Appropriate controls run concurrently with the experimental flasks show that stilbestrol does not influence the endogenous respiration of the cells. Also, A. aerogenes apparently is not capable of oxidizing stilbestrol, at least under the conditions of these experiments.
Further studies with different substrates disclosed that stilbestrol apparently stimulated or enhanced the oxidation of raffinose. This was unusual since the general trend was toward the inhibition of substrate oxidation. The results of this experimentation, presented in figure 3, indicate that pre-exposure also plays an important role in this phenomenon. Experiments were also conducted in whiclh substrate oxidation was studied after allowing the cells to stand in the presence and absence of stilbestrol for as long as 5 hr. Following standing, the cells were washed twice, standardized to the same turbidity, and counted, after which glucose oxidation in the presence and absence of stilbestrol was determined. The results indicate that soaking the cells in stilbestrol did not influence their ability to oxidize glucose since after washing, the rate of oxygen uptake was nearly identical with the uptake of cells that had not been exposed to stilbestrol but had undergone identical treatment otherwise. When the stilbestroltreated and untreated cells were washed and glucose oxidation measured in the presence of stilbestrol an inhibition was observed in both flasks but there were no significant differences in the extent of inhibition between the two sets of cells. Thus, since cells exposed to stilbestrol and then washed metabolize glucose at the same rate as the control, one may conclude that irreversible damage to the cell did not occur. Earlier studies have reported that the succiinoxidase system of animal tissues is inhibited by stilbestrol and this could be reversed by the addition of methylene blue (Gordon and Elliott, 1947; Case and Dickens, 1948) or brilliant cresyl blue (McShan et al., 1947; Reilly, 1953) . To clarify this observation, the oxidation of test substrates in systems containing stilbestrol was studied in the presence and absence of methylene blue and brilliant cresyl blue. The extraneous hydrogen carriers were employed in final concentrations ranging from 1:1000 to 1:80,000. The data obtained in this experimentation indicate that neither compound reversed the inhibition in the oxidation of glucose, succinate, pyruvate, glutamate, or oxalacetate. Figure 5 shows the results obtained when glucose was employed as the substrate.
To substantiate the findings obtained with whole cells, crude extracts were employed in which the reduction of either methylene bluie or brilliant cresyl blue was measured by conven- (Salmony, 1956) or influence the endogenous respiration in yeast (Shacter, 1953a) . Since different organisms were employed in the studies it is possible that the differences in data may have resulted from the varied experimental conditions found in the opposing biological systems.
The degree of inhibition may be correlated with the stilbestrol concentration, pre-exposure of the cells, and pH of the reaction system. These variables probably exert their effect by allowing more stilbestrol to reach the sensitive reactive site. The stimulation of raffinose oxidation by stilbestrol was also influenced by these factors. Viable counts indicate that stilbestrol is not killing the cells. Also, it is not likely that stilbestrol would enhance raffinose oxidation if the (Brooks et al., 1954) , and Shacter (1949) proposed that the increase in endogenous respiration was the result of enhanced glycogenolysis in yeast. Shacter (1953b) suggested that stilbestrol influenced the enzyme systems in the cell membrane responsible for the "active transport" of glucose into the yeast cell. Stilbestrol was not metabolized by washed cell suspensions uinder the conditions of this experimentation and so is not serving directly as an energy source. This does not eliminate the possibility that stilbestrol might be interfering with the energy mechanisms involved in cell membrane functions. However, the results obtained with cell extracts do not indicate that the cell membrane is involved.
Other workers proposed that stilbestrol could exist in a quinone form and act as a competitive hydrogen carrier in various dehydrogenase systems (Hochster and Quastel, 1949) . More specifically, the cytochrome oxidase (McShan and Meyer, 1946) Additional experimentation demonstrated that stilbestrol showed a similar inhibition when crude extracts from cells were studied with several substrates. Extraneous hydrogen carriers did not influence the phenomenon in either whole cells or cell extracts. The possible modes of action of stilbestrol on substrate utilization are discussed.
